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Abstract

Background: Mortality among people with human immunodeficiency virus (HIV) infection is increasingly due to
non-communicable causes. This has been observed mostly in developed countries and the routine care of HIV
infected individuals has now expanded to include attention to cardiovascular risk factors. Cardiovascular risk factors
such as high blood pressure are often overlooked among HIV seropositive (+) individuals in sub-Saharan Africa. We
aimed to determine the effect of blood pressure on mortality among HIV+ adults in Kenya.

Methods: We performed a retrospective analysis of electronic medical records of a large HIV treatment program in
western Kenya between 2005 and 2010. All included individuals were HIV+. We excluded participants with AIDS,
who were <16 or >80 years old, or had data out of acceptable ranges. Missing data for key covariates was addressed
by inverse probability weighting. Primary outcome measures were crude mortality rate and mortality hazard ratio (HR)
using Cox proportional hazards models adjusted for potential confounders including HIV stage.

Results: There were 49,475 (74% women) HIV+ individuals who met inclusion and exclusion criteria. Mortality rates for
men and women were 3.8 and 1.8/100 person-years, respectively, and highest among those with the lowest blood
pressures. Low blood pressure was associated with the highest mortality incidence rate (IR) (systolic <100 mmHg IR 5.2
[4.8-5.7]; diastolic <60 mmHg IR 9.2 [8.3-10.2]). Mortality rate among men with high systolic blood pressure without
advanced HIV (3.0, 95% CI: 1.6-5.5) was higher than men with normal systolic blood pressure (1.1, 95% CI: 0.7-1.7). In
weighted proportional hazards regression models, men without advanced HIV disease and systolic blood
pressure ≥140 mmHg carried a higher mortality risk than normotensive men (HR: 2.39, 95% CI: 0.94-6.08).

Conclusions: Although there has been little attention paid to high blood pressure among HIV+ Africans, we show
that blood pressure level among HIV+ patients in Kenya is related to mortality. Low blood pressure carries the
highest mortality risk. High systolic blood pressure is associated with mortality among patients whose disease is
not advanced. Further investigation is needed into the cause of death for such patients.
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Background
In North America and Europe, cardiovascular disease is
the second most common cause of death among HIV
seropositive (+) individuals after acquired immunodefi-
ciency syndrome (AIDS)-related mortality [1]. This trend
has been accompanied by a shift in the long-term care
of HIV+ patients to include attention to cardiovascular
risk [2,3]. Observational studies from around the globe
support the association between HIV infection and in-
creased risk of cardiovascular disease, however, these
studies have largely not included patients from develop-
ing countries [4-7].
Most people with human immunodeficiency virus (HIV)

infection live in sub-Saharan Africa (SSA). Sixty-nine per-
cent (23.5 million of 34 million) of all people infected with
HIV worldwide and the majority of HIV-related deaths are
in SSA [8]. Infectious and immunological factors have
usually been associated with the highest risk of death in
people living with HIV in SSA [9,10]. However, HIV+
individuals without AIDS in SSA can now achieve a
near normal life expectancy and hypertension is not
uncommon [11,12]. The degree to which high blood
pressure is related to mortality in HIV+ patients in the
region has not been specifically addressed [10]. This
may be related to under-recognition of the magnitude
of the risk of death associated with cardiovascular risk
factors among HIV+ individuals in SSA.
The relationship between blood pressure level and

mortality in HIV+ patients may have important policy
implications as HIV+ individuals age and programs in
SSA expand their scope to address the important overlap
between communicable and non-communicable diseases
[13]. Therefore, the aim of this study was to describe the
relationship between HIV infection, blood pressure level,
and death in a cohort of HIV+ adults without AIDS
from a large HIV treatment program in western Kenya.
By so doing, our objective was to describe the overall
relationship and identify important mortality differences
according to gender and clinical stage of HIV.

Methods
Ethics statement
This was a retrospective analysis of de-identified elec-
tronic medical records. Individual informed consent
was not obtained. The Institutional Research and Ethics
Committee of the Moi University School of Medicine
and the Institutional Review Boards of Indiana, Duke,
and Brown Universities approved use of these data and
waiver of informed consent.

Study design and participants
This retrospective study used de-identified data from the
electronic medical records of HIV+ adult patients treated
in the Academic Model Providing Access to Healthcare

(AMPATH) program. The AMPATH program is a clinical
care program based on a collaboration between Moi
Teaching and Referral Hospital, Moi University School of
Medicine and a consortium of North American univer-
sities. To date, AMPATH provides HIV care and treat-
ment to >150,000 adults and children living with HIV/
AIDS in over 50 clinics and satellite sites throughout
western Kenya. The AMPATH clinical care system was
created in 2001 and has been described in more detail
previously [14]. Clinic visits occurred monthly for all
patients on anti-retroviral therapy (ART) unless alterna-
tive arrangements were made with their health care pro-
vider. Patients who were not yet eligible for treatment
were seen monthly or bi-monthly depending on their
immunologic status and other factors in their health
profile. Standard paper data collection forms were used
at enrollment to the program and at each subsequent
visit. Data from these forms were entered into an elec-
tronic medical record by data entry technicians. A nurse
measured blood pressure during a clinical encounter
using a manual or digital sphygmomanometer. These
data were obtained for clinical care and were not rou-
tinely performed according to a protocol. Baseline blood
pressure was used for this analysis. Height and weight
were also measured as part of routine HIV care. Mortality
was assessed according to data available in the electronic
medical record and was statistically adjusted using a previ-
ously validated approach in the AMPATH program [15].
We included HIV+ patients aged 16 to 80 years who

were enrolled between January 1, 2005 and December
31, 2010 and who did not meet AIDS-defining criteria.
AIDS was defined by incorporating criteria from the
World Health Organization (WHO) [16] and Centers for
Disease Control [17] which include CD4 count less than
200/mm3, any AIDS defining illness, WHO Stage 4
disease, or a diagnosis of tuberculosis at the time of
enrollment or during follow-up. There were 92,586
adult patients who enrolled in the AMPATH program
during the specified time period. Of these, we ex-
cluded 41,249 who had a documented AIDS-defining
condition and another 25 who were younger than 16
or older than 80 at the time of enrollment. Another
1837 were excluded due to having data considered out
of acceptable range using the following criteria: systolic
blood pressure (SBP) <65 or >220 mmHg, diastolic
blood pressure (DBP) <40 or >120 mmHg, body mass
index (BMI) <15 or >40 kg/m2, and creatinine <8.84
or >884 mmol/L. There were 49,475 individuals eligible
and available for analysis (Figure 1).

Statistical analysis
The primary objective of our analyses is to characterize
the association between mortality and blood pressure at
enrollment. The first part of our analysis summarizes,
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for all individuals with available data, crude mortality
rates (deaths per 100 person years of observation) across
SBP (<100, 100-119, 120-139, ≥140 mmHg) and DBP
categories (<60, 60-79, 80-89, ≥90 mmHg), separately by
gender. In addition, we used proportional hazards regres-
sion models to characterize the conditional (adjusted)
effect of SBP and DBP on mortality, adjusting for base-
line demographic and clinical factors associated with
blood pressure, mortality, or both. The clinical factors
are CD4 cell count (200-350, >350), WHO Stage (1, 2 or 3),
BMI (<18.5, 18.5-25, 25-30, >30 kg/m2), hemoglobin
(in mg/dL), and serum creatinine level (in mmol/L).
Demographic factors are age (<35, 35-44, 45-54, ≥55 years),
sex, marital status (married or living with partner vs. not),
and clinic location (urban vs. rural). We subdivided the
sample according to those with advanced HIV disease,
defined as having CD4 < 350 or WHO Stage 2 or 3. The
adjusted effects of SBP and DBP are computed separ-
ately for each of the four strata defined by distinct com-
binations of gender and severity of HIV disease. We
fit a single model, using appropriately coded indicator
variables and interactions, to estimate the effects of SBP
and DBP on mortality within the four strata defined by
sex-HIV disease severity combinations. The adjustment
variables included in the model are assumed to have the
same effect across the strata. This assumption was
checked using Wald tests for interactions with gender

and HIV disease severity, none of which indicated evi-
dence for including interactions.

Handling missing covariate information
In the sample used for regression modeling, 30,224 of
49,475 individuals in the analysis sample had complete
information on all of the covariates listed above. To
address potential biases introduced by missing covariates,
we fit the model under different assumptions about the
relationship between mortality rate and having one or more
missing covariates. Specifically, we use an inverse prob-
ability weighting (IPW) method that, under certain assump-
tions detailed in Additional file 1 (Technical appendix),
corrects for potential biases attributable to differential sur-
vival distributions between those with and without missing
covariates [18]. The IPW method alleviates bias due to dif-
ferential survival between those with and without missing
covariates. The survival distributions between those with
fully observed and partially observed covariates was simi-
lar after applying the weighting, suggesting that a substan-
tial amount of selection bias is reduced in the weighted
sample, and supporting the use of IPW for fitting the pro-
portional hazards regression (see Additional file 1).

Results
Baseline descriptive characteristics are shown in Table 1.
Our population sample (n = 49,475) had more than 74%

Figure 1 Flow diagram of exclusion criteria to arrive at the final analysis profile. Legend: The records of all patients enrolled in the
Academic Model Providing Access to Healthcare program were screened for inclusion and exclusion criteria as described in the text. There
were 92,586 patients who were enrolled in the program between January 1, 2005 and December 31, 2010. We excluded patients sequentially
if they had an AIDS-defining condition, were <16 years, >80 years or had data that were out of acceptable range. Our final analysis sample
included 49,475 patients.
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Table 1 Summary of characteristics by gender

Variable Women (n = 36616) Men (n = 12859) Overall (n = 49475)

Age, median (IQR), years 32 (26-39) 38 (31-46) 33 (27-41)

Age category, No. (%), years

<25 7473 (20.4) 812 (6.3) 8285 (16.8)

25-34 15227 (41.6) 4183 (32.5) 19410 (39.2)

35-44 9049 (24.7) 4362 (33.9) 13411 (27.1)

45-54 3739 (10.2) 2447 (19.0) 6186 (12.5)

55-64 948 (2.6) 803 (6.2) 1751 (3.5)

≥65 180 (0.5) 252 (2.0) 432 (0.9)

SBP, median (IQR), mmHg 110 (100-120) 110 (100-120) 110 (100-120)

DBP, median (IQR), mmHg 70 (60-72) 70 (60-79) 70 (60-74)

SBP category, No. (%), mmHg

<100 3822 (10.4) 1083 (8.4) 4905 (9.9)

100-119 21145 (57.8) 6444 (50.1) 27589 (55.8)

120-139 10145 (27.7) 4488 (34.9) 14633 (29.6)

≥140 1504 (4.1) 844 (6.6) 2348 (4.8)

DBP category, No. (%), mmHg

<60 1748 (4.8) 571 (4.4) 2319 (4.7)

60-79 27702 (75.7) 9107 (70.8) 36809 (74.4)

80-89 5905 (16.1) 2620 (20.4) 8525 (17.2)

≥90 1261 (3.4) 561 (4.4) 1822 (3.7)

BMI, median (IQR), kg/m2a 21.5 (19.3-24.0) 20.1 (18.4-21.9) 21.0 (19.0-23.5)

BMI category, No. (%), kg/m2a

<18.5 5348 (16.8) 2855 (25.9) 8203 (19.1)

18.5 - <25 20645 (64.8) 7495 (67.9) 28140 (65.6)

25 - <30 4716 (14.8) 595 (5.4) 5311 (12.4)

≥30 1173 (3.7) 97 (0.9) 1270 (3.0)

Hemoglobin, median (IQR), g/dLb 11.8 (10.2-13.1) 13.8 (11.9-15.3) 12.2 (10.5-13.7)

Creatinine, median (IQR), μmol/Lc 60 (51-71.4) 76 (64.5-89) 63.8 (53-77)

CD4 count, median (IQR), cells/mm3d 413 (296-581) 363 (271-502) 399 (288-561)

CD4 category, no. (%), cells/mm3d

200-350 9705 (37.4) 4019 (46.8) 13,724 (39.8)

>350 16224 (62.6) 4566 (53.2) 20790 (60.2)

ART naïve at enrollment, No. (%) 33345 (91.1) 11645 (90.6) 44990 (90.9)

WHO stage at enrollment, No. (%)e

Stage 1 17304 (60.5) 4803 (48.0) 22107 (57.2)

Stage 2 6647 (23.2) 2658 (26.6) 9305 (24.1)

Stage 3 4666 (16.3) 2547 (25.5) 7213 (18.7)

Urban 16970 (46.4) 6165 (47.9) 23135 (46.8)

Married/living with partnerf 19045 (54.0) 9127 (73.1) 28172 (59.0)

Abbreviations: IQR interquartile range; SBP systolic blood pressure; DBP diastolic blood pressure; BMI body mass index; ART antiretroviral therapy; WHO, World
Health Organization. SI conversion factors: To convert hemoglobin to grams per liter, multiple by 10.
an = 31882 for women; 11042 for men.
bn = 26,826 for women; 9099 for men.
cn = 25,570 for women; 8799 for men.
dn = 25,929 for women; 8585 for men.
en = 28617 for women; 10008 for men.
fn = 47745.
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women. Although no one in the sample had AIDS, the
HIV disease burden was still substantial, with 47% of
men and 37% of women having a CD4 cell count below
350, and 25% of men and 16% of women having WHO
Stage 3 disease. Twenty-six percent of men and 17% of
women had a BMI less than 18.5 kg/m2. Nearly all indi-
viduals were ART naïve at the time of enrollment (91%),
however, the majority were prescribed ART at some
point during the observed follow up period. With regard
to specific antiretroviral agents, the most common regi-
men consisted of a non-nucleoside reverse transcriptase
inhibitor plus two nucleoside reverse transcriptase inhib-
itors. Overall, 7819 (16%) were prescribed efavirenz and
19,134 (39%) were prescribed nevirapine. Protease inhibi-
tors were prescribed for 5773 (12%) of patients. Tenofovir
was used by 4047 (8%) patients and zidovudine by 15,178
(31%). Hemoglobin and creatinine were within the normal
range for most patients. Both SBP and DBP were found
to be in the normal range (110-119 and 60-79 mmHg,
respectively) for 39% of men and 46% of women. SBP ≥140
or DBP ≥90 mmHg was found in 10% of men and 7% of
women, respectively.

Among women, there were 1351 deaths in 75,786 per-
son years (py) of follow up (mortality rate 1.8/100 py).
Among men, there were 966 deaths in 25,369 py of
follow up (mortality rate 3.8/100 py). With respect to
blood pressure, within gender, crude mortality rates are
substantially higher for those in the lowest SBP and DBP
categories compared to all other categories. The differ-
ence is particularly pronounced among men, where mor-
tality rate is 10.7/100 py for those with SBP <100 and
16.4/100 py for those with DBP <60 mmHg.
Figure 2 shows age-adjusted survival curves stratified by

SBP and DBP categories, separately for each gender. The
curves depict expected survival probabilities when age is
fixed at 35 years demonstrating that those with low DBP
and SBP have the highest age adjusted mortality rates.
Additional files 2 and 3 (Figures S3 and S4) are smoothed
linear spline curves applied to the unweighted sample of
all individuals having baseline blood pressures showing
the relationship between blood pressure and mortality rate
among men and women with and without advanced HIV.
The unadjusted mortality rate was stratified according

to the presence of advanced HIV disease and blood

Figure 2 Adjusted survival curves by SBP and DBP categories, stratified by gender. Legend: Survival curves are adjusted for age (set to 35)
and stratified by systolic and diastolic blood pressure categories. SBP: systolic blood pressure. DBP: diastolic blood pressure.
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pressure in women and men (Table 2). The highest mor-
tality rates were seen in those with the lowest SBP and
DBP (systolic <100 mmHg 5.2/100 py [4.8-5.7]; diastolic
<60 mmHg IR 9.2/100 py [8.3-10.2]). Patients with the
lowest systolic and diastolic blood pressures also had
lowest CD4 counts, body mass index and hemoglobin
as shown in (Additional file 4: Table S4). In addition,
the death rate among men without advanced disease
and with SBP ≥140 mmHg (3.0, 95% CI: 1.6-5.5) was
nearly three-fold greater than those with normal SBP
(1.1, 95% CI: 0.7-1.7). This observation was not present
among women or among those with advanced HIV dis-
ease. There was a similar relationship to high DBP such
that high DBP in men without advanced HIV (2.9, 95%
CI: 1.5-5.9) was associated with a higher death rate than
those with normal DBP (1.7, 95% CI: 1.3-2.2).
Table 3 shows results from the weighted proportional

hazards regression model. For both men and women,
SBP <100 or DBP <60 mmHg had greater mortality risk
relative to those in the normotensive reference range. The
effect of low DBP was most pronounced among those
with more advanced HIV disease, with hazard ratio
(HR) 2.76 (95% CI: 1.98-3.83) among women and 3.19

(95% CI: 2.14-4.74) among men. Both SBP 120-139 (HR:
1.91, 95% CI: 1.01-3.59) and ≥140 mmHg (HR: 2.39,
95% CI: 0.94-6.08) carry higher mortality risks among
men whose HIV disease is not advanced relative to nor-
motensives. This relationship was not observed among
men with advanced HIV disease. High DBP was not
associated with a greater risk of death. Low BMI, older
age, higher creatinine, lower hemoglobin, an urban
clinic setting, and not being married were all associated
with greater risk of death regardless of HIV disease
stage. Table 3 also demonstrates that the mortality risks
associated with high blood pressure were generally
smaller among patients with advanced HIV disease. We
did not undertake significance testing of every pairwise
comparison. In a separate analysis, the interaction
between blood pressure level and HIV disease stage was
found to be statistically significant for women (p < 0.001),
and separately for men (p < 0.001).

Discussion and conclusions
Chronic, non-HIV related conditions are an increasingly
important part of HIV management, a trend that has his-
torically been underappreciated [19]. While the burden of

Table 2 Unadjusted mortality rates per 100 person years by blood pressure groups for men and women with and
without advanced HIV

Characteristic Person years Women events Mortality rate (95% CI) Person years Men events Mortality rate (95% CI)

Advanced HIVa

Systolic blood pressure

SBP <100 mmHg 3447 113 3.3 (2.7-3.9) 816 57 7.0 (5.4-9.1)

SBP 100-119 mmHg 18648 364 2.0 (1.8-2.2) 5966 219 3.7 (3.2-4.2)

SBP 120-139 mmHg 7954 116 1.5 (1.2-1.7) 4001 96 2.4 (2.0-2.9)

SBP ≥140 mmHg 1095 23 2.1 (1.4-3.2) 590 21 3.6 (2.3-5.5)

Diastolic blood pressure

DBP <60 mmHg 1164 73 6.3 (5.0-8.0) 356 56 15.8 (12.1-20.5)

DBP 60-79 mmHg 23988 467 1.9 (1.8-2.1) 8142 283 3.5 (3.1-3.9)

DBP 80-89 mmHg 4913 58 1.2 (0.9-1.5) 2372 45 1.9 (1.4-2.5)

DBP ≥90 mmHg 1079 18 1.7 (1.1-2.6) 504 9 1.8 (0.9-3.4)

Not advanced HIV

Systolic blood pressure

SBP <100 mmHg 1707 28 1.6 (1.1-2.4) 221 9 4.1 (2.1-7.8)

SBP 100-119 mmHg 12625 91 0.7 (0.6-0.9) 2097 23 1.1 (0.7-1.7)

SBP 120-139 mmHg 6461 38 0.6 (0.4-0.8) 1906 34 1.8 (1.3-2.5)

SBP ≥140 mmHg 842 8 0.9 (0.5-1.9) 339 10 3.0 (1.6-5.5)

Diastolic blood pressure

DBP <60 mmHg 824 21 2.5 (1.7-3.9) 89 2 2.2 (0.6-9.0)

DBP 60-79 mmHg 16301 121 0.7 (0.6-0.9) 3195 54 1.7 (1.3-2.2)

DBP 80-89 mmHg 3766 20 0.5 (0.3-0.8) 1006 12 1.2 (0.7-2.1)

DBP ≥90 mmHg 744 3 0.4 (0.1-1.3) 272 8 2.9 (1.5-5.9)

Abbreviations: HIV human immunodeficiency virus, SBP systolic blood pressure, DBP diastolic blood pressure.
aAdvanced HIV is defined by CD4 count <350, or WHO Stage 2 or 3.
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high blood pressure among Africans living with HIV has
been highlighted, the impact of blood pressure on import-
ant clinical endpoints has not been well established and
therefore has not routinely been a focus of treatment in
HIV programs in the region [12,20]. With this gap in the
literature in mind, we have shown that low enrollment
SBP or DBP is associated with a high mortality risk among
HIV+ patients. There was also a relationship between
higher initial SBP and mortality in men without advanced
HIV. In adjusted analyses, the effect of high blood pres-
sure was smaller than the effect of low blood pressure.
The greatest mortality risks in the present analysis were

related to low blood pressure. In addition to advanced dis-
ease stage, other well-documented reasons for low blood
pressure in HIV+ patients include adrenal insufficiency,
autonomic dysfunction, concomitant infections, and the

effects of bacterial translocation among others [21-23].
The cause of low blood pressure was not identifiable in
this study, however, these factors as well as concomitant
illness may have contributed to the observed low blood
pressure. Lower blood pressure has also been observed in
patients with more advanced HIV disease [24] and we
posit this explanation in this analysis based on the de-
ranged parameters of body mass index, hemoglobin and
CD4 count in those with the lowest blood pressure. The
mortality risk, however, was large and indicates the need
to explore concomitant clinical factors as well as cause of
death in this population. Such data and relatively simple
measures such as blood pressure measurement are only
recently beginning to be explored in HIV cohorts on the
continent, highlighting a strength and relevance of this
analysis [25].

Table 3 Mortality hazard ratios from proportional hazards regression models using inverse probability weighting for
missing covariates

Variable Women Men

Advanced HIVa Advanced HIV

Yes No Yes No

SBP, mmHg

<100 1.28 (0.98-1.68) 2.29 (1.37-3.80) 1.61 (1.09-2.39) 2.95 (1.17-7.44)

100-119 ref ref ref ref

120-139 0.83 (0.64-1.07) 0.94 (0.60-1.47) 0.73 (0.53-1.00) 1.91 (1.01-3.59)

≥140 0.97 (0.58-1.60) 1.06 (0.47-2.41) 1.24 (0.74-2.08) 2.39 (0.94-6.08)

DBP, mmHg

<60 2.76 (1.98-3.83) 2.26 (1.19-4.26) 3.19 (2.14-4.74) 1.88 (0.45-7.78)

60-79 ref ref ref ref

80-89 0.65 (0.47-0.90) 0.67 (0.37-1.22) 0.68 (0.47-0.98) 0.92 (0.46-1.84)

≥90 1.15 (0.62-2.14) 0.57 (0.19-1.71) 0.66 (0.28-1.56) 1.65 (0.61-4.47)

BMI, kg/m2b

<18.5 1.82 (1.55-2.13)

18.5 - <25 ref

25 - <30 0.90 (0.68-1.18)

≥30 1.12 (0.67-1.88)

Age, years

<30 ref

30-45 1.10 (0.92-1.31)

46-60 1.28 (1.03-1.59)

>60 2.11 (1.47-3.03)

Log creatinine 1.28 (1.04-1.58)

Hemoglobin, g/dL 0.81 (0.79-0.83)

ART naïve 0.99 (0.67-1.45)

Urban clinic 0.84 (0.73-0.98)

Married 0.73 (0.64-0.85)

Abbreviations: SBP systolic blood pressure, BMI body mass index, ART anti-retroviral therapy.
aAdvanced HIV is defined as CD4 < 350, or WHO Stage 2 or 3.
bHazard ratios for BMI, Age, log creatinine, hemoglobin, ART naïve, urban clinic and married apply to all 4 strata.
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Western literature supports a relationship between
higher SBP and mortality in HIV+ men. In the Multicen-
ter AIDS Cohort, Seaberg et al., demonstrated that the
prevalence of systolic hypertension among men taking
ART for less than two years was similar to that of HIV
seronegative (-) men, but was nearly two-fold higher
after two to five years of ART and five years or more of
ART [26]. Other studies support the relationship be-
tween HIV positivity and higher blood pressure, but this
is still debated [27-29]. Compared to Western countries,
there has been relatively little attention paid to the over-
lap between non-communicable cardiovascular diseases
and HIV in SSA. In a large systematic review and meta-
analysis (50 studies including 38 from SSA) of early
mortality in adults initiating ART in low- and middle-
income countries, blood pressure was not reported as a
covariate of interest in any of the studies [10].
Data from the SSA region regarding blood pressure,

however, are slowly emerging. The overall rate of hyper-
tension among HIV+ patients in SSA is estimated to be
8-19%, and slightly higher among men compared to
women [12]. In Kenya, a program showed that when
people are screened for HIV and non-communicable
diseases simultaneously, HIV+ people had higher rates of
hypertension (32%) than those who were HIV- (19%) [30].
Similar findings are reported from Tanzania, Botswana,
and Nigeria while in our analysis hypertension was present
in less than 10% of the population [31-33]. A systematic
review and meta-analysis of the association between HIV
and cardiometabolic traits, however, suggests that HIV+
patients have, on average, lower blood pressure than their
HIV- counterparts [34]. It is noteworthy that the studies
included in this review vary in patient population, method
of screening, selection of patients and definitions of out-
comes resulting in an unresolved relationship between
blood pressure and HIV. Given the size of our HIV care
program, we believe the observed relationship between
high blood pressure and mortality may be generalizable
to the region, however, country-specific data comparing
HIV+ to HIV- patients are needed to put the magnitude
of the issue in a relevant context. Both high and low
blood pressure impact mortality in these patients sug-
gesting that addressing blood pressure in HIV+ patients
in SSA is potentially a lost opportunity to modify health
and impact mortality.
The differences in mortality risk between men and

women warrant further exploration. The reasons for the
observed higher mortality risk related to high blood pres-
sure among men compared to women may be related to a
true sex-related difference in the impact of high blood
pressure or reflect other factors that vary according to
sex including less health-seeking behavior among men
or higher burden of other cardiovascular risk factors
(e.g., tobacco smoking) among men [35]. Moreover,

most of the women in this analysis were of pre-menopausal
age and may therefore carry lower risk of cardiovascular
disease than men. Prospective analyses that can control
for known sex-based differences will be able to eluci-
date whether higher blood pressure among HIV+ men
carries a greater mortality risk than among women.
Some limitations of our study should be considered.

This was a retrospective analysis of clinical data and
variables, including blood pressure, that were not mea-
sured routinely in every patient or in a standard,
protocol-driven manner. Our analysis is therefore lim-
ited by a selection bias potentially introduced at the
time of the clinical encounter and our observations do
not confirm causality. We had a significant proportion
of patients missing data and while this is often the situ-
ation in reality, we addressed this by using IPW to
account for differences in mortality between those with
and without missing covariates. Our weighting approach
resulted in similar survival distributions between those
with fully observed and partially observed covariates and
supported its use for fitting the proportional hazards
models. Incomplete data is not uncommon in HIV
treatment programs in SSA and our approach repre-
sents one method for addressing this phenomenon [11].
Information on diabetes, smoking or use of cardio-
vascular medications was also not routinely measured
during this time. Further, cause of death information
was not available for this cohort and we are therefore
limited in our ability to comment on the mechanism
of the association between BP and mortality in this
analysis. Given than non-communicable cardiovascular
causes of death present at a younger age in populations
earlier in the epidemiologic transition, it seems necessary
to investigate these associations as well as possible mecha-
nisms in HIV+ patients. Data from the region using verbal
autopsy, however, show that non-communicable diseases
account for between 2 and 10% of deaths among HIV+
individuals on ART [36,37].
In summary, while cardiovascular risk factor levels

remain low in SSA in general and life expectancy among
HIV+ individuals nears 80% of normal, a rare opportunity
currently exists to understand and decrease or prevent
cardiovascular risk in a population still on the cusp of a
non-communicable disease epidemic. Literature from
developed countries support a relationship between
HIV and cardiovascular disease risk and the burden of
HIV in SSA calls for more attention to these comorbidi-
ties. Using clinical data from a large HIV treatment pro-
gram in western Kenya, we have demonstrated that low
and high blood pressures in HIV+ patients are important
predictors of mortality with low blood pressure carrying
the greatest mortality risk. Of particular clinical relevance
is the finding that high blood pressure is associated with
higher mortality risk among patients whose HIV disease is
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not advanced. Therapy for high blood pressure should
be instituted when indicated. Patients with low blood
pressure should undergo a thorough assessment to un-
cover and reverse the causes. To our knowledge, this is
one of the first and largest reports from the region indi-
cating this relationship and highlights the need to address
cardiovascular diseases in this population, especially
among patients without advanced HIV. Programs in
SSA that are narrowly focused on HIV treatment alone
may be missing an important opportunity to modify
health.

Additional files

Additional file 1: Technical appendix. Supplementary technical
appendix. The supporting technical methodological appendix includes
the detailed description of our inverse probability weighting approach.
Additional file 1 includes Tables S1, S2 and S3; and Figures S1 and S2.

Additional file 2: Figure S3. The panels in Figure S3 are smoothed
spline curves, applied to the unweighted sample of all individuals having
baseline systolic and diastolic blood pressures, displaying the relationship
between blood pressure and log hazard ratio among men. The figure
displays the relationships between log mortality hazard ratio and (A) systolic
blood pressure in men with advanced HIV, (B) diastolic blood pressure in
men with advanced HIV, (C) systolic blood pressure in men without
advanced HIV and (D) diastolic blood pressure in men without advanced HIV.

Additional file 3: Figure S4. The panels in Figure S4 are smoothed
spline curves, applied to the unweighted sample of all individuals having
baseline systolic and diastolic blood pressures, displaying the relationship
between blood pressure and log hazard ratio among women. The figure
displays the relationships between log mortality hazard ratio and (A)
systolic blood pressure in women with advanced HIV, (B) diastolic blood
pressure in women with advanced HIV, (C) systolic blood pressure in
women without advanced HIV and (D) diastolic blood pressure in
women without advanced HIV.

Additional file 4: Table S4. Supplementary table describing the
distribution of CD4 count, body mass index and hemoglobin stratified by
blood pressure level.

Abbreviations
AIDS: Acquired immune deficiency syndrome; ART: Anti-retroviral therapy;
BMI: Body mass index; DBP: Diastolic blood pressure; HIV: Human
immunodeficiency virus; HIV+: Human immunodeficiency virus seropositive;
HIV-: Human immunodeficiency virus seronegative; HR: Hazard ratio;
IPW: Inverse probability weighting; SBP: Systolic blood pressure; SSA:
Sub-Saharan Africa; WHO: World Health Organization.

Competing interest
The authors declare that they have no competing interests.

Authors’ contributions
GSB participated in the study design, data interpretation and wrote the first
draft of the manuscript. JWH participated in study design, data analysis, data
interpretation and wrote the technical appendix. AK participated in data
analysis and data interpretation. TLH participated in data interpretation. ES
contributed to data acquisition. SK participated in the study design, data
acquisition and data interpretation. EJV participated in the study design and
data interpretation. All authors contributed to drafting or revising the
manuscript critically for important intellectual content, and gave final
approval of the version to be published. All authors had full access to all of
the data in the study and take responsibility for the integrity of the data and
the accuracy of the data analysis.

Acknowledgements
The authors thank Elizabeth Jung (Duke University) for her assistance in the
proofreading and editing of this manuscript. This work was supported by a
grant to the USAID-Academic Model Providing Access to Healthcare (AMPATH)
Partnership from the United States Agency for International Development as
part of the President’s Emergency Plan for AIDS Relief (PEPFAR). SK, EJV, and
JWH are supported by the National Heart, Lung and Blood Institute of the
National Institutes of Health [HHSN268200900031C]. GSB is supported by
the Fogarty International Center of the National Institutes of Health
[5K01TW008407]. The content is solely the responsibility of the authors
and does not necessarily represent the official views of the National
Institutes of Health. The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Author details
1Duke Clinical Research Institute, Duke University, 2400 Pratt Street, Durham,
NC 27705, USA. 2Division of Cardiology, Duke University Hospital, Suite 7400,
Durham, NC 27705, USA. 3Duke Global Health Institute, Trent Hall, 310 Trent
Drive, Durham, NC 27710, USA. 4Department of Biostatistics, Brown
University, 121 S. Main Street, Providence, RI 02912, USA. 5Academic Model
Providing Access to Healthcare, PO Box 4606, Eldoret 30100, Kenya.
6Department of Medicine, School of Medicine, College of Health Sciences,
Moi University, PO Box 4606, Eldoret 30100, Kenya. 7Division of Infectious
Diseases & International Health, Department of Medicine, Duke University
School of Medicine, DUMC 102359, Durham, NC 27710, USA.

Received: 18 January 2014 Accepted: 14 May 2014
Published: 22 May 2014

References
1. Antiretroviral Therapy Cohort Collaboration: Causes of death in HIV-1-infected

patients treated with antiretroviral therapy, 1996-2006: collaborative
analysis of 13 HIV cohort studies. Clin Infect Dis 2010, 50(10):1387–1396.

2. Aberg JA, Gallant JE, Ghanem KG, Emmanuel P, Zingman BS, Horberg MA:
Primary care guidelines for the management of persons infected with
HIV: 2013 update by the HIV medicine association of the infectious
diseases society of America. Clin Infect Dis 2014, 58(1):e1–34.

3. Boccara F, Lang S, Meuleman C, Ederhy S, Mary-Krause M, Costagliola D,
Capeau J, Cohen A: HIV and coronary heart disease: time for a better
understanding. J Am Coll Cardiol 2013, 61(5):511–523.

4. Ho JE, Scherzer R, Hecht FM, Maka K, Selby V, Martin JN, Ganz P, Deeks SG,
Hsue PY: The association of CD4+ T-cell counts and cardiovascular risk in
treated HIV disease. AIDS 2012, 26(9):1115–1120.

5. Triant VA, Lee H, Hadigan C, Grinspoon SK: Increased acute myocardial
infarction rates and cardiovascular risk factors among patients with
human immunodeficiency virus disease. J Clin Endocrinol Metab 2007,
92(7):2506–2512.

6. Friis-Møller N, Sabin CA, Weber R, d'Arminio Monforte A, El-Sadr WM, Reiss
P, Thiébaut R, Morfeldt L, De Wit S, Pradier C, Calvo G, Law MG, Kirk O,
Phillips AN, Lundgren JD, Data Collection on Adverse Events of Anti-HIV
Drugs (DAD) Study Group: Combination antiretroviral therapy and the risk
of myocardial infarction. N Engl J Med 2003, 349(21):1993–2003.

7. Triant VA: HIV infection and coronary heart disease: an intersection of
epidemics. J Infect Dis 2012, 205(Suppl 3):S355–361.

8. Joint United Nations Programme on HIV/AIDS (UNAIDS): World AIDS Day
Report. Geneva: UNAIDS; 2012.

9. Moore DM, Yiannoutsos CT, Musick BS, Tappero J, Degerman R, Campbell J,
Were W, Kaharuza F, Alexander LN, Downing R, Mermim J: Determinants
of early and late mortality among HIV-infected individuals receiving
home-based antiretroviral therapy in rural Uganda. J Acquir Immune Defic
Syndr 2011, 58(3):289–296.

10. Gupta A, Nadkarni G, Yang W-T, Chandrasekhar A, Gupte N, Bisson GP,
Hosseinipour M, Gummadi N: Early mortality in adults initiating antiretroviral
therapy (ART) in low- and middle-income countries (LMIC): a systematic
review and meta-analysis. PLoS ONE 2011, 6(12):e28691.

11. Johnson LF, Mossong J, Dorrington RE, Schomaker M, Hoffmann CJ, Keiser
O, Fox MP, Wood R, Prozesky H, Giddy J, Garone DB, Cornell M, Egger M,
Boulle A, International Epidemiologic Databases to Evaluate AIDS Southern
Africa Collaboration: Life expectancies of South African adults starting
antiretroviral treatment: collaborative analysis of cohort studies. PLoS
Med 2013, 10(4):e1001418.

Bloomfield et al. BMC Infectious Diseases 2014, 14:284 Page 9 of 10
http://www.biomedcentral.com/1471-2334/14/284



12. Bloomfield GS, Hogan JW, Keter A, Sang E, Carter EJ, Velazquez EJ, Kimaiyo
S: Hypertension and obesity as cardiovascular risk factors among HIV
seropositive patients in Western Kenya. PLoS ONE 2011, 6(7):e22288.

13. Rabkin M, El-Sadr WM: Why reinvent the wheel? Leveraging the lessons
of HIV scale-up to confront non-communicable diseases. Glob Public Hlth
2011, 6(3):247–256.

14. Einterz RM, Kimaiyo S, Mengech HNK, Khwa-Otsyula BO, Esamai F, Quigley F,
Mamlin JJ: Responding to the HIV pandemic: the power of an academic
medical partnership. Acad Med 2007, 82(8):812–818.

15. Yiannoutsos CT, An M-W, Frangakis CE, Musick BS, Braitstein P,
Wools-Kaloustian K, Ochieng D, Martin JN, Bacon MC, Ochieng V, Kimaiyo S:
Sampling-based approaches to improve estimation of mortality among
patient dropouts: experience from a large PEPFAR-funded program in
Western Kenya. PLoS ONE 2008, 3(12):e3843.

16. World Health Organization: WHO case definitions of HIV for surveillance and
revised clinical staging and immunological classification of HIV-related disease
in adults and children. France: World Health Organization Press; 2007.

17. Schneider E, Whitmore S, Glynn KM, Dominguez K, Mitsch A, McKenna MT,
(CDC) CfDCaP: Revised surveillance case definitions for HIV infection
among adults, adolescents, and children aged <18 months and for HIV
infection and AIDS among children aged 18 months to <13 years–United
States, 2008. MMWR Recomm Rep 2008, 57(RR-10):1–12.

18. Robins J, Rotnitzky A, Zhao L: Estimation of regression coefficients when
some regressors are not always observed. J Am Stat Assocv 1994,
89(427):846–866.

19. Grinspoon SK, Grunfeld C, Kotler DP, Currier JS, Lundgren JD, Dubé MP,
Lipshultz SE, Hsue PY, Squires K, Schambelan M, Wilson PWF, Yarasheski KE,
Hadigan CM, Stein JH, Eckel RH: State of the science conference: initiative
to decrease cardiovascular risk and increase quality of care for patients
living with HIV/AIDS: executive summary. Circulation 2008, 118(2):198–210.

20. Muronya W, Sanga E, Talama G, Kumwenda JJ, van Oosterhout JJ:
Cardiovascular risk factors in adult Malawians on long-term antiretroviral
therapy. Trans R Soc Trop Med Hyg 2011, 105(11):644–649.

21. Meya DB, Katabira E, Otim M, Ronald A, Colebunders R, Njama D, Mayanja-
Kizza H, Whalen CC, Sande M: Functional adrenal insufficiency among
critically ill patients with human immunodeficiency virus in a resource-
limited setting. Afr Health Sci 2007, 7(2):101–107.

22. Marchetti G, Bellistrì GM, Borghi E, Tincati C, Ferramosca S, La Francesca M,
Morace G, Gori A, Monforte AD: Microbial translocation is associated with
sustained failure in CD4+ T-cell reconstitution in HIV-infected patients on
long-term highly active antiretroviral therapy. AIDS 2008, 22(15):2035–2038.

23. Compostella C, Compostella L, D'Elia R: The symptoms of autonomic
dysfunction in HIV-positive Africans. Clin Auton Res 2008, 18(1):6–12.

24. Okeahialam BN, Sani MU: Heart disease in HIV/AIDS. How much is due to
cachexia? Afr J Med Med Sci 2006, 35(Suppl):99–102.

25. Mateen FJ, Kanters S, Kalyesubula R, Mukasa B, Kawuma E, Kengne AP, Mills
EJ: Hypertension prevalence and Framingham risk score stratification in
a large HIV-positive cohort in Uganda. J Hypertens 2013, 31(7):1372–1378.
discussion 1378.

26. Seaberg EC, Muñoz A, Lu M, Detels R, Margolick JB, Riddler SA, Williams CM,
Phair JP, Study MAC: Association between highly active antiretroviral
therapy and hypertension in a large cohort of men followed from 1984
to 2003. AIDS 2005, 19(9):953–960.

27. Hsue PY, Hunt PW, Ho JE, Farah HH, Schnell A, Hoh R, Martin JN, Deeks SG,
Bolger AF: Impact of HIV infection on diastolic function and left ventricular
mass. Circ Heart Fail 2010, 3(1):132–139.

28. Hsue PY, Giri K, Erickson S, MacGregor JS, Younes N, Shergill A, Waters DD:
Clinical features of acute coronary syndromes in patients with human
immunodeficiency virus infection. Circulation 2004, 109(3):316–319.

29. Boccara F, Mary-Krause M, Teiger E, Lang S, Lim P, Wahbi K, Beygui F,
Milleron O, Gabriel Steg P, Funck-Brentano C, Slama M, Girard P-M,
Costagliola D, Cohen A, Prognosis of Acute Coronary Syndrome in HIV-infected
patients (PACS) Investigators: Acute coronary syndrome in human
immunodeficiency virus-infected patients: characteristics and 1 year
prognosis. Eur Heart J 2011, 32(1):41–50.

30. Nyabera R, Yonga G, Mwangemi F, Bukachi F: Evaluation of a project
integrating cardiovascular care into HIV programmes. Cardiovasc J Afr
2011, 22(3):S17.

31. Chillo P, Bakari M, Lwakatare J: Echocardiographic diagnoses in HIV-infected
patients presenting with cardiac symptoms at Muhimbili National Hospital
in Dar es Salaam, Tanzania. Cardiovasc J Afr 2012, 23(2):90–97.

32. Schwartz T, Girgis M, Steen TW, Sjaasatd I: HIV as a risk factor for cardiac
disease in Botswana: a cross-sectional study. Cardiovasc J Afr 2011,
22(3):S23.

33. Sani MU, Muhammad S, Okeahialam BN: Effects of HAART on cardiovascular
risk profile of HIV/AIDS patients in Aminu Kano Teaching Hospital, Kano,
Nigeria. Cardiovasc J Afr 2011, 22(3):S22.

34. Dillon DG, Gurdasani D, Riha J, Ekoru K, Asiki G, Mayanja BN, Levitt NS,
Crowther NJ, Nyirenda M, Njelekela M, Ramaiya K, Nyan O, Adewole OO,
Anastos K, Azzoni L, Boom WH, Compostella C, Dave JA, Dawood H,
Erikstrup C, Fourie CM, Friis H, Kruger A, Idoko JA, Longenecker CT, Mbondi
S, Mukaya JE, Mutimura E, Ndhlovu CE: Association of HIV and ART with
cardiometabolic traits in sub-Saharan Africa: a systematic review and
meta-analysis. Int J Epidemiol 2013, 42:1754–1771.

35. Alibhai A, Kipp W, Saunders LD, Senthilselvan A, Kaler A, Houston S, Konde-
Lule J, Okech-Ojony J, Rubaale T: Gender-related mortality for HIV-infected
patients on highly active antiretroviral therapy (HAART) in rural Uganda.
Int J Womens Health 2010, 2:45–52.

36. Oti SO, Mutua M, Mgomella GS, Egondi T, Ezeh A, Kyobutungi C: HIV
mortality in urban slums of Nairobi, Kenya 2003-2010: a period effect
analysis. BMC Public Health 2013, 13:588.

37. Byass P, Calvert C, Miiro-Nakiyingi J, Lutalo T, Michael D, Crampin A, Gregson S,
Takaruza A, Robertson L, Herbst K, Todd J, Zaba B: InterVA-4 as a public health
tool for measuring HIV/AIDS mortality: a validation study from five African
countries. Glob Health Act 2013, 6:22448.

doi:10.1186/1471-2334-14-284
Cite this article as: Bloomfield et al.: Blood pressure level impacts risk of
death among HIV seropositive adults in Kenya: a retrospective analysis
of electronic health records. BMC Infectious Diseases 2014 14:284.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Bloomfield et al. BMC Infectious Diseases 2014, 14:284 Page 10 of 10
http://www.biomedcentral.com/1471-2334/14/284


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Ethics statement
	Study design and participants
	Statistical analysis
	Handling missing covariate information

	Results
	Discussion and conclusions
	Additional files
	Abbreviations
	Competing interest
	Authors’ contributions
	Acknowledgements
	Author details
	References

